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ABSTRACT: Genetic diversity and spa-
tial variation of two populations of Filipendula 
ulmaria (L.) were analysed at the initial stage 
(macroforbs) and the late succession stage (forest 
community) during a 30-year succession on the 
abandoned meadows in Białowieża National Park. 
The study demonstrated a high level of genetic di-
versity in both populations (D = 0.86 and D = 0.79 
in the population at the initial and late succession 
stage, respectively). Significant genetic differen-
tiation was observed at the cross-population level 
(F

ST 
= 0.008, P <0.001). Among 303 ramets in the 

population at the initial stage 261 genotypes were 
detected, of which 24 were clonal, and the remain-
ing (237) were unique (91%). In the population at 
the late succession stage 92 genotypes were detect-
ed among 116 ramets of which 10 were clonal, and 
82 unique (89%).

The results did not confirm a hypothesis that 
the low level of the population’s genetic diversity 
should be expected at the late succession stage. 
Additionally, the study demonstrates that the pro-
longed clonal spreading does not always result 
in genetic monotony of a population. It has been 
demonstrated that the high level of genetic diver-
sity in the population of clonal species F. ulmaria 
could be the result of temporal changes in life his-
tory traits of long-lived genets. The formation of 
gaps caused by the disintegration of senile genets 
and the permanent recruitment of seedlings over 
30 years of population development reinforce 
the appearance of new genets. This process was 

reflected in both populations by the domination 
of unique genets and spatial pattern of genotypic 
diversity.

KEY WORDS: genetic variation, genet iden-
tification, genotypic diversity, life history, succes-
sion.

1. INTRODUCTION

The majority of perennials have the abil-
ity of sexual and asexual reproduction. De-
spite the dominance of vegetative reproduc-
tion, monoclonal populations have rarely 
been recorded in populations of clonal spe-
cies (Kroon and Groenendael , eds. 1997, 
Ecker t  1999, 2002). Low levels of genetic 
diversity have most frequently been recorded 
in small, island and endangered populations 
(Brzosko et al. 2002, Brzosko and Wró-
blewska 2003, Izawa et al. 2007, Czar-
necka and Ptaszyńska 2008, Kostrakie-
wicz  and Wróblewska 2008). Usually, 
populations of clonal plants are formed by a 
few genets, especially in patched distribution 
pattern, such as found in Anemone nemoro-
sa (L.) (Stehl ik  and Holderegger  2000), 
Maianthemum bifolium (L.) (Honnay et al. 
2006) and Vaccinium stamineum (L.) (Kre-
her  et al. 2000), as a results of the spreading 
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modes of clones and repeated seedling re-
cruitment pattern (RSR) (Er iksson 1989, 
1993, 1997). The spatial-temporal variability 
of the two modes of reproduction is respon-
sible for the development of monoclonal and 
multiclonal patches in mono-species com-
munities (Stehl ik  and Holderegger  2000, 
Kreher  et al. 2000, Person and Gustavs-
son 2001, Honnay et al. 2006). The for-
mation of monoclonal populations is, pre-
dominantly, explained by the prolongation of 
clonal spreading and/or inhibited flowering 
and fruiting of long-lived genets. Additional-
ly, various ecological factors, especially those 
limiting the recruitment of seedlings by, for 
example, low production of seeds or their re-
duced germination potential (Ecker t  2002) 
may affect the genetic diversity of clonal 
plant populations. This could be the result of 
increased shading (Slade and Hutchings 
1987) caused by, for example, a canopy of tree 
developing during succession, which reduces 
fruiting and seedling recruitment (Stehl ik 
and Holderegger  2000, Tor imaru et al. 
2003).

Results of previous studies indicate that 
the level of genetic diversity in populations 
of clonal species is an outcome of a bal-
ance between asexual and sexual reproduc-
tion, which varies greatly between species, 
as well as among populations of the same 
species (Ecker t  1999, 2002, Honnay et al. 
2006). It has been suggested that investiga-
tion of the mechanisms determining genetic 
diversity of clonal plant populations would 
certainly benefit from the identification of 
population age. Numerous observations 
and long-term studies on the dynamics of 
clonal plant populations indicate that genet-
ic variation is accumulated throughout the 
population’s life (Escaravage  et al. 1998). 
However, temporal changes of spatial pat-
terns of genets/clones, which certainly play 
a significant role in the development of ge-
netic diversity of populations, have been 
insufficiently studied (Er iksson 1993, Ku-
doh et al. 1999). Long-term studies of the 
dynamics of Filipendula ulmaria population 
during succession on abandoned meadows 
demonstrated a relation between the lon-
gevity of genets and their integration and 
disintegration, as well as between the dy-
ing of senile parts and repeated seedling re-

cruitment (Fa l ińska 1995, 2003). Harnett 
and Bazzaz  (1985) observed a decrease in 
the abundance of Solidago canadensis popu-
lation in the first 3 years after the forma-
tion of a population described by the ISR 
recruitment pattern, when the population 
consisted of a few genets. Similarly, Ranun-
culus repens populations were formed by a 
few genets, since only 3% of early seedlings 
survived (Watkinson and Powel l  1993). 
In a population of Anemone nemorosa de-
scribed by the RSR pattern, with a seedling 
survival rate of 3–5%, a high level of genetic 
diversity was observed at a late succession 
stage (Stehl ik  and Holderegger  2000). 
However, temporal changes and its influ-
ence on genetic variability of clonal plant 
population have been poorly studied, and 
population age has rarely been identified. 
The main objective of this study was to in-
vestigate the pattern of genetic diversity in 
populations of Filipendula ulmaria over a 
long-term succession. We test the hypoth-
esis that the patterns of population’s genetic 
diversity at the initial (macroforbs) and late 
succession stages (forest).Therefore, we ana-
lyzed two scenarios of changes in genetic 
diversity of the populations of Filipendula 
ulmaria over 30-years’ succession:

1) Along with the progress in succession 
the level of genetic diversity of the population 
is reduced because long-lived multi-ramets 
genets fill in the space, thus limiting the de-
velopment of seedlings;

2) Genetic diversity of the population is 
maintained through succession stages be-
cause of the simultaneous disintegration of 
senile genets and development of new genets 
which emerge in gaps among fragments.

The study objective was to address the 
following detailed questions:

1) Whether, and to what extent, the 
change in the vegetative spreading pattern in 
long-lived genets influences the level of ge-
netic diversity of the population.

2) Whether the seedling recruitment pat-
tern (RSR) is maintained along a 30-year de-
velopment of the populations.

3) Whether, in long-lived clones, the 
seedling development is reduced as a result 
of the increased density of ramets and the ac-
cumulation of the necromass from the dying 
parts of genets.
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2. MATERIAL AND METHODS

2.1. Subject of the study

A long-term study (1972–2002) on the 
dynamics of clonal species populations during 
succession on an abandoned meadow (15 ha) 
was carried out in Białowieża National Park, 
in the valley of the Narewka river (Fa l ińska 
2003). These populations are located between 
the river and forest area. At the initial stage 
of succession on a wet and floristically rich 
meadow, specimens of the majority of species 
were distributed randomly or in clusters. The 
spatial pattern of clonal species population 
during succession from the meadow to for-
est transformed from a random distribution, 
through clustered to patched pattern .After 
30 years, a mosaic spatial pattern of vegeta-
tion cover was formed, in which large-surface 
patches were dominated by clonal species. 
Filipendula ulmaria represented one of these 
species, and at various succession stages it 
either promoted or inhibited the transfor-
mation of the plant cover. After 30 years the 
patches of vegetation cover represented dif-
ferent succession stages. F. ulmaria occurred 
in macroforbs (initial stage) and forest (late 
succession stage). Permanent plots were lo-
cated in these patches, where then research 
of the dynamics of clonal species population 
was carried out for 30 years using the chart-
ing method (mapping).

2.2. Study populations and sampling

Filipendula ulmaria is a long-lived peren-
nial described by a guerrilla growth strategy 
and two modes of reproduction: asexual and 
sexual. This species occurred sporadically, on 
a mown fertile wet meadow (Cirsietum rivu-
laris), only on specific sites – the riverside 
and the margin between the meadow and the 
forest. After mowing ceased, it occupied, af-
ter a short time (9–10 years), a considerable 
part of the 15 ha meadow, forming patches of 
different size (200–600 m). After 15–20 years 
F. ulmaria was present on 75% of the meadow 
area. The population had a patched-clustered 
pattern of distribution. Patches were formed 
by large clones (1.2 m), which underwent dis-
integration during that time, and new genets 
developed in the created gaps (Table 1). In 
that period patches of shrubs, trees and sedges 
were formed on the meadow, and F. ulmaria 
was present between the patches dominated 
by these species. After 30 years, a significant 
proportion of F. ulmaria was observed only 
in macroforbs which at that time occupied 
0.6 ha. Two populations of F. ulmaria were 
selected for the analysis of genetic diversity. 
One was located in macroforbs, and another 
in a small-sized patch (100 m2) in a forest 
community which had been formed in the 
meadow over 30 years.

Populations selected for molecular anal-
ysis, A – in the macroforbs patch, i.e. initial 

Table 1. Analysis of spatial distribution of genets and ramets in Filipendula ulmaria population in aban-
doned meadow for 30 years (1976–2006). Data collected from 25 m2. 

Phase of population 
dynamics

Age
(years)

No. of genets
No. of 
ramets

Mean 
per genet

 M
d

No. of seedlings
per 25 m2M J

1 – settlement 5 23 29 115 4.2±0.8 0.89 153

2 – increase 10 24 56 412 17.2±9.8 9.85 173

3 – fluctuation 15 25 201 572 22.9±8.2 17.32 681

4 – maximal 20 * 213 972 37.1±8.7 12.04 191

5 – decrease 25 * 162 290 * 3.00 157

# – 6 – decline 30 * * 303 * 3.10 104

d <1 – tendency to a uniform distribution; d = 1 – random distribution; d> 1 – clumped distribution tendency to 

aggregated (Morisita – dispersion coefficient); # – 2006yr – collected of ramets for genetic analyses; * – failed data. 

Genets: juvenile (J), mature (M); 1–5 – source: Fa l ińska (1996, 2003), supplemented.
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stage, and B – in the forest community 
patch, i.e. late succession stage, were lo-
cated within a 450 m distance. From each 
population all ramets within plots of 25 
m2, divided into 1 m2 squares, were sam-
pled in June, 2007, where, previously, long-
term observations had been carried out on 
all marked genets (Fa l ińska 1991, 1995, 
2003). 303 ramets were sampled from pop-
ulation A, and 116 ramets from population 
B. Maps of the ramets’ distribution were 
prepared prior to their sampling for labora-
tory procedures.

2.3. Laboratory procedures

Samples were collected from the forest 
and meadow populations of Fillipendula ul-
maria in the summer 2006. At each site an 
area of 25 m2 was marked and all ramets 
of Filipendula ulmaria were harvested with-
in the area. Studied materials were young 
leaf fragments. Each collected sample was 
placed in a separate Plant material was 
transported in portable refrigerators to the 
laboratory.

2.4. DNA isolation

Tissue samples, approximately 100 μg 
weight, were used for DNA isolation. Total 
genomic DNA was isolated using the Ge-
nomic Mini AX Plant kit (AA Biotechnol-
ogy), following the standard protocol.

2.5. AFLP analyses

The AFLP protocol was used in this 
study. Total genomic DNA (~400 ng) was 
used for the restriction and ligation reaction 
with TruI1 and EcoRI restriction enzymes 
(Fermentas), and T4 ligase (New England 
Biolabs). Each PCR reaction was performed 
in a final volume of 25 μl. The preselective 
amplification was performed with primers 
with a single selective nucleotide: Eco-1-A 
and Mse-1-A. The PCR program was as fol-
lows: 2 min at 72°C, 30 cycles of 30 s de-
naturing at 94°C, 30 s annealing at 56°C 
and 2 min extension at 72°C. The reaction 
was stopped by 10 min incubation at 60°C. 
The selective amplification was carried out 
with four selective primers (ATG/AGC/

TCA/AGG) to generate markers between 70 
–400 bp in size. All EcoRI selective primers 
were marked with one of the fluorescent 
dyes: VIC, PET, NED or FAM. The PCR 
profile was as follows: 50 s at 94°C, 1 min 
at 65°C, RAMP 65°C–57°C; 0,7°C/sec, 72°C, 
then 20 cycles of 50 s denaturing at 94°C, 
30 s annealing at 56°C and 2 min extension 
at 72°C. At the end the samples were incu-
bated for 10 min at 72°C. The PCR prod-
ucts were separated using the ABI 3130XL 
automated sequencer (Applied Biosystems) 
with the GeneScan – 600 LIZ internal size 
standards. Electropherograms were anal-
ysed by GeneMapper version 3.7 (Applied 
Biosystem). The intensity of each peak was 
normalized on the total signal intensity and 
the peak was considered only when a fixed 
threshold was exceeded. The presence and 
absence of peak were scored in a specific 
locus. The AFLP fragments were treated as 
present or absent.

2.6. Data analysis

AFPL sequence analysis was carried out 
using Gene Mapper software, to identify F. 
ulmaria genets and to assess the genotypic 
diversity and genetic differentiation of the 
population at the initial (A) and late (B) 
stages of succession based on the frequen-
cy of haplotypes detected in 303 ramets in 
population A and in 116 ramets from popu-
lation B.

The analysis of molecular variance 
(AMOVA) was used for the assessment 
of genetic diversity within the population 
and genetic differentiation between popu-
lations. The AMOVA was based on hap-
lotypes frequencies and using the conven-
tional F statisitics were calculed by the 
method of Weir  and C ockerham (1984). 
Levels of among-populations genetic differ-
entiation (F

ST
) were calculated F statistice 

was based on pairwise genetic distances of 
populations, according to Weir  and C ock-
erham (1984) using GENEPOP (version 
1.2). (R aymond and Rousset  1995). Ge-
netic diversity (D) in each population was 
calculated according to Ellstrand and Rose 
(1987) as: the proportion of distinguishable 
genets (G/N) with G the number of genets 
and N number of ramets. 
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Fig. 1. Spatial pattern of Filipendula ulmaria populations at initial (A) and late (B) succession stage. 
Each symbol corresponds to a single genotype. Data collected from plot 5 × 5 m. The occurrence of 
Salix and Alnus is given by circles.

A

B
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3. RESULTS

3.1. Spatial pattern of populations

Populations of F. ulmaria at the initial 
(A) and late (B) succession stages differ in 
spatial abundance and distribution of ra-
mets. Population A was almost 3 times larger 
than B when the numbers of ramets were 
compared. The two populations also differed 
in spatial pattern, which in the population 
of macroforbs (A) could be described as a 
mixed model, because of the almost uni-
form distribution of ramets occupying the 
whole plot, but in the area covered by this 
aggregation small few-ramet clusters were 
distinguished. The forest population (B) was 
characterized by a clustered pattern. Ramets 
of F. ulmaria occupied about a half of the 
plot, demonstrating a tendency to concen-
trate around or between the trees (Fig. 1) In 
both populations the proportion of fruiting 
ramets was similar e.g. at the initial stage 
it amounted to 55%, and to 45% at the late 
stage of succession.

3.2. Genotypic diversity and genetic 
variation within and between populations

Among 303 ramets growing in macro-
forbs at the initial stage (A), 261 genotypes 
were identified, of which 237 ramets (91%) 
were unique. In the forest community, i.e. the 
late succession stage (B), among 116 ramets 92 
genotypes were identified, of which 82 (89%) 
were unique. Altogether, 34 few-ramet gen-
ets (clones) were identified and 14% of them 
(5 genets) were present in both populations. 
The level of genotypic diversity, calculated as 
the ratio of distinct genotypes number (G) to 
number of sampled ramets (N), was high in 
both populations (D = 0.86 in population A, 
D = 0.79 in population B (Table 2). The analy-
sis of gene diversity revealed high values in 
both populations (0.9983±0.0006 for A, and 
0.9859±0062 for population B). 

Results of the analysis of molecular 
variance (AMOVA) suggest that genotypic 
variation within a population is higher than 
between populations (percentage of varia-
tion 99.22 and 0.78, respectively). However, 

Table 2. Number of genotypes G and ramets N and ratio of genetic diversity G/N in populations of Fili-
pendula ulmaria at initial (A) and late (B) succession stage.

Popu-
lations

Number of genotypes G

∑
No. of 
ramet

N

D

G/N

No. of ramets in genet G
∑

Mean 
N per 
genet

with ramets unique

n % n % 2 % 3 % 4 %

A 24 9 237 91 261 303 0.86 12 50 7 28 5 22 24 2.8

B 10 11 82 89 92 116 0.79 6 60 2 20 2 20 10 3.4

Table 3. Analysis of molecular variation (AMOVA) in the population at initial and late succession stage 
for Filipendula ulmaria.

Source of variation df
Sum 

of squares
Variance 

components
Percentage 
of variation

Among populations 1 1.155 0.00392Va 0.78

Within populations 417 207.439 0.49746 99.22

Total 418 208.594 0.50138

Table 4. Number of genotypes present in both populations of Filipendula ulmaria at initial (A) and late 
(B) succession stage.

Genotypes marked
Number of ramets

Sum of ramets (copies)
A B

6 8 13 21

10 3 1 4

12 2 1 3

13 1 3 4

14 1 1 2

Σ 15 19 34
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Fig. 2. Spatial distribution of genets and ramets within populations of Filipendula ulmaria at initial (A) 
and late (B) succession stage.
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genetic differentiation between popula-
tion was significant (F

ST 
= 0.0078, P <0.05; 

Table 3). 

3.3. Pattern of spatial distribution of 
genets and ramets in populations

The spatial distribution of F. ulmaria 
genets in two populations was different, as it 
was demonstrated in maps (Fig. 2) The pat-
tern of population B was close to clustered, 
and in population A to irregular with a ten-
dency to ramet concentration. The range of 
variation in the ramet concentration mode 
of both same and different genotype was 
high. The comparison of distance between 
same genotype ramets demonstrated a high 
variation (Fig. 2). For example, they could 
be found within a distance of several cen-
timetres (genets nos. 8, 9, 19, 27), within a 
5–10 cm distance, or the distance between 
them could be up to 5 m (nos. 2, 3, 4, 5, 
8, 26). Genets whose ramets were located in 
both populations, revealed the highest dis-
tance in the whole sample. In population B a 
tendency to the concentration of ramets was 
recorded both for genotypes present only in 
this population (nos. 15, 18) and present in 
the two populations. This was clearly dem-
onstrated for one genet (no. 6) with the high-
est number of ramets (21), of which 13 were 
found in the population at the late stage, and 
8 in the population at the initial stage of suc-
cession (Table 4).

Unique genotypes were dominant in 
both populations, and they formed large 
clusters. Many clusters were formed by ra-
mets of various genotypes, including unique 
ones, which especially refer to population 
A (see the map Fig. 2). In both populations 
genets consisting of many ramets were rare, 
and they were most frequently formed by 2 
ramets (in population A – 51%, and B – 60%, 
Table 2). Genotypes present in both popu-
lations were represented by 2 to 21 ramets 
when analysis was based on pooled data (A 
and B population), while within population 
they numbered 1 to 8 ramets per genotype 
in population A and 1 to 13 ramets in popu-
lation B. Generally, ramets of different and 
unique genotypes formed a mosaic, and gen-
ets with packed ramets were rare, which was 
demonstrated in the maps (Fig. 2).

4. DISCUSSION

4.1. Relationship between genetic diversity, 
population age and ecological conditions

Studies on the mechanisms of genetic di-
versity of clonal species populations consider 
many features of long-lived plants which are 
decisive for different levels of genetic diver-
sity , from D = 0.10 to D = 0.90 (Widen et 
al. 1994, Brzosko et al. 2002, Arens  et al. 
2005, Czarnecka and Ptaszyńska 2008), 
Our study demonstrated that populations of 
the same age (30 years) have the same level of 
diversity, although they developed under dif-
ferent stage of succession. Population B – at 
the late succession stage, has been developing 
along with transformation in vegetation cov-
er and changing ecological conditions, from 
meadow to forest. Conditions for the growth 
of clonal species have been changing as shad-
ing increased and water level decreased dur-
ing succession (Fa l ińska 2003). After 25–30 
years the population of F. ulmaria entered 
into a regression stage. At that time only 116 
ramets grew on the plot, while 15 years before 
on the same 25 m2 plot the number amount-
ed to 838 (Fa l ińska 1991). The decrease in 
abundance began when trees reached the age 
of 10 years. It was believed that in such cir-
cumstances only long-lived genets, adapted to 
modified conditions during succession from 
meadow to forest, would survive. Therefore, a 
high level of genetic diversity was not expect-
ed in populations which survived from the 
initial to the late stage of succession. This as-
sumption was based on results of many publi-
cations which reported that when conditions 
become unfavourable for individual species, 
only a few genets have a chance to survive, and 
seedling recruitment is reduced by increased 
density, shading and competition (Slade and 
Hutchinngs  1987, B orkowska 2004). For 
example, it was reported that at the late suc-
cession stage, which was characterized with 
development of tree canopy and increase of 
shading, seedling emergence was limited and 
only 2–10% of ramets were fruiting in the 
population of Maianthemum bifolium (Hon-
nay et al. 2006). Our study demonstrates that 
shading does not always result in such a high 
level of fruiting decrease at the late succession 
stage and that this effect is species-specific. 
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In the F. ulmaria population from the forest 
community, 45% of ramets were flowering 
and fruiting compared to 55% in the meadow 
population . Flowering ramets are located on 
the margin of tree biogroups which suggest 
that ‘openwork’ shading reduced the flower-
ing considerably less than compact tree cano-
py in the forest. Also, the high proportion of 
unique genotypes (89%) in the forest popula-
tion of F. ulmaria, indicates that the seedling 
recruitment process, despite the changing of 
abiotic and biotic factors during succession, 
can be described by the RSR pattern (Er iks-
son 1997).

4.2. Factors determining the recruitment 
of seedlings during succession

Previous demographic studies of the 
population of F. ulmaria demonstrated that 
seedling recruitment was an irregular pro-
cess when considering spatial dynamics of 
population-aspects, and that the changes in 
abundance sometimes fluctuated (Fa l ińska 
2003). Potentially, this may result from a 
permanent species replacement during suc-
cession, leading to the formation of gaps in 
vegetation cover and necromass on the aban-
doned meadow. Free spaces formed during 
the species replacement process, particularly 
dominants, are colonized by seedlings of F. ul-
maria (Fa l ińska 1991, 1996). Experimental 
studies by B orkowska (2004) carried out on 
the same area and involving the removal of 
plants and necrotic mass demonstrated that 
at the advanced succession stage micro-dis-
turbances created an opportunity for seedling 
recruitment in clonal species populations. 
This hypothesis has also been confirmed in 
other studies (Stearns  1992, Watkinson 
and Powel l  1993, Er iksson 1997). Grubb 
(1977) has defined gaps formed in such a pro-
cess as ‘regeneration niches’, which not only 
ensure species abundance but also contribute 
to the genetic diversity of populations. This 
implies that large clusters of unique geno-
types of F. ulmaria in meadow and forest pop-
ulations (Table 2, Fig. 2) are formed as a re-
sult of the permanent colonization of gaps by 
seedlings in a long-term process of changes in 
the population and vegetation. Only one gen-
otype replicated by 21 ramets was identified 
in the study. Potentially, it may have been a 

fragment of one of the older genets which was 
present during the initial succession stage on 
the meadow. Four other genotypes shared by 
both populations were represented by a lower 
number of ramets (maximum 4 ramets per 
genotype), which does not rule out the pos-
sibility that they were also a remnant from the 
early stage of population development.

4.3. Genetic diversity vs. 
prolonged clonal growth

The difference in the abundance of the F. 
ulmaria population at the initial and late suc-
cession stages was not fully reflected in dif-
ferent levels of genetic diversity. This study 
did not confirm the hypothesis on significant 
decrease in the level of genetic diversity along 
with the progress in succession. Results ob-
tained from this study indicated that genetic 
diversity in population at the late succes-
sion stage resulted from a balance between 
sexual and asexual reproduction which, in 
the long-term dynamics of population, was 
maintained because of changed proportions 
between the number of progeny produced in 
both reproduction modes (Fa l ińska 2003). 
A similar mechanism of genetic diversity is 
supported by the results obtained from the 
study on a meadow population of the same 
age, but formed in macroforbs (area of 0.6 
ha), where succession was slower than in 
patches representing various succession stag-
es in a mosaic plant cover on the area of 15 
ha of abandoned meadows (Fa l ińska 2003). 
The population in question was three times 
less abundant than the forest one. However, 
in both populations a high level of genetic di-
versity was estimated (D = 0.86 for A and 0.79 
for B population).

Former studies on the biology of F. ul-
maria genets demonstrated that changes in 
some life history traits during their ageing 
could act as a mechanism that determine 
the genetic diversity of the population (Ta-
ble 6). Although this species has a guerrilla 
growth strategy leading to the formation of 
a patched distribution pattern, its high level 
of genetic diversity was observed, as in other 
species (Ague et al. 2001, Wróblewska et 
al. 2003, Alber to  et al. 2005). Different spe-
cies can form patches which include one or 
several genets, as in populations of Solidago 
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canadensis (Har tnett  and Bazzaz  1985), 
and Maianthemum bifolium (Arnes  et al. 
2005, Honney et al. 2006). It was demon-
strated that a 400 m distance between popu-
lations or patches limits the gene flow , which 
explains the fact that in patches formed by the 
same species in forest communities the same 
genotypes are rarely (Arnes  et al. 2005). The 
studied population of F. ulmaria were de-
veloped from initially abundant population 
across the entire meadow area (15 ha) im-
mediately after the meadow was abandoned. 
Specimens of F. ulmaria grew in small clus-
ters, which were distributed on the riverside 
or on the margin of the adjacent forest. A 
large patch of F. ulmaria, with almost regular-
ly distributed ramets, was formed over 10–15 
years after mowing ceased, and its disinte-
gration began not earlier than after the tree 
biogroups occurred. After 30 years the forest 
community occupied 70% of the total area, 
and the remaining part was covered by patch-
es formed by a few clonal species, also typical 
for meadow. Succession in mosaic vegetation 
cover was a non-uniform process. Therefore, 
the following issue may be considered: do the 
two populations, A and B, originate from one 
maternal population, which can be proven 
by shared genotypes, despite the 450 m dis-
tance between them and the mosaic of willow 

brushwood and tree biogroups. The long-
term survival of pioneering genets in popu-
lations was emphasized by Watkinson and 
Powel l  (1993).

A theory on the genetic variation of 
clonal plants has been documented in many 
studies (Ecker t  1999). A review of 45 clonal 
species carried out in the past (Widen et al. 
1994) demonstrated that among 21 species a 
single population was a monoclonal patch. 
Recently, after the introduction of DNA test-
ing and improved methods for material sam-
pling used in laboratory analysis, monoclo-
nal plant populations of iterative growth are 
rarely found (Ague et al. 2000). A theory 
that prolonged clonal growth (Honnay and 
B ossuyt  2005) reduces sexual reproduction 
is under discussion, and scientists empha-
size that the assessment of genetic diversity 
should be, to a greater extent, compared to 
the scale of the spatial and long-term dynam-
ics of populations.

4.4. Variation in life history traits 
throughout genet age as a 

mechanism of genetic diversity

Investigation of mechanisms that de-
termine genetic diversity in populations of 
clonal species is mainly focused on the eval-

Table 5. The relation between the age of genets and number of fragments after their disintegration and 
development of new genets (juveniles) within micro-gaps among the fragments. Data collected from 
marked genets during 20 years. Source: Fa l inska (1995), supplemented.

Genet
Age

(years)
Area
(m2)

Number of
fragments

Number and men ramets/
fragments

New genets
between 

fragments

1 10 1.5 14 80 5.7±1.8 11

2 15 1.2 10 125 12.5±3.8 4

3 17 1.6 12 82 6.8±1.7 7

4 20 1.3 10 131 13.1±3.6 14

5 25 1.1 5 14 2.8±1.3 3

Table 6. Age-related variation in genet of Filipendula ulmaria. Data collected from marked genets dur-
ing 20 years, the period 1980-2000. Source: Fa l ińska (1995), supplemented.

Age class
years

Number
of genet

(marked)

Percentage
with sen ile

parts

Participation
of senile parts in genet 

(%)

Distance (cm) be-
tween ramet in genet

Disintegration
of genet
number

5–6 20 10 10.5±  1.6   4.0±  1.2    0

7–8 20 20 40.0± 2.7   8.3±  1.4    0

9–10 18 44 22.0±10.4 19.5±  3.1   5

11–12 16 75 41.3±29.8 20.8±  8.8   12

13–15 12 100 63.3± 6.4 35.8±28.8   10
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uation of ecological factors limiting seed-
ling recruitment (Stearns  1992, Er iksson 
1997, Fischer  et al. 2004). It rarely consid-
ers changes in time of the biological features 
of genets.(Si lver town et al. 1997, Eck-
er t  1999, 2002, S chmidt  and Prat i  2000). 
Such analysis is difficult, as genets/clones are 
long-lived and studies are, as a standard, car-
ried out over several years, or if the research 
period is longer, the establishment of limits 
between genets is a considerable obstacle, as 
ramets multiply, partially die, and seedlings 
develop in the area occupied by genets si-
multaneously (Fig. 3). Over ten years a patch 
formed by a clonal species becomes a mosaic 
of several-year-old genets and unique, single-
ramet ones, which has been demonstrated 
by a 15-year study of marked and mapped 
genets of F. ulmaria (Fa l ińska 1995). The 
change in some traits, along with genet age, 
e.g. spreading and growth, vegetative multi-
plication, genet integration (Tables 5 and 6) 
and senescence that leads to disintegration, is 
reflected in seedling recruitment pattern RSR 
in populations of clonal species (Fa l ińska 
1995, 2003).

This correlation is illustrated by the biol-
ogy of Filipendula ulmaria genets studied in 
the past (Falińska 1995). Genet development 
consists of four stages related to seedling re-
cruitment. In the first period (1–5 years) the 
seedling develops into a rosette, and in the fol-
lowing seasons genets multiply the number of 
ramets from 25 to 60. They are featured by a 
monocentric structure and a round shape, and 
ramets are growing within a 2–3 cm distance 
form a compact cluster. In that period, seed-
lings (on average 2 to 6 m–2) are developing 
outside the area occupied by already estab-
lished genets. In total, on a 25 m2 plot about 
56–77 seedlings are developed every season, 
of which 7–12% survive. Each season 5 to 11 
new genets are formed. The second stage falls 
in the 6–7th year of development, when se-
nescence of genets begins, which particularly 
refers to their central part and the peripheral 
multiplication of ramets. The largest genet, 
occupying an area of 1.5 m2, consisted of 122 
ramets, and 10–20% of its surface was filled 
with necrotic mass, on which seedlings rarely 
developed. In that period 50% fewer seedlings 
occurred between genets than at the earlier 
stage (Fig. 3). A clustered pattern of the popu-

lation is transformed into a patched pattern, 
and the limits between young and old genets 
are invisible.

At the third (8–10 years) and fourth (10–
15 years) stages ramets multiply and, simul-
taneously, 40–50% of the surface occupied 
by genets becomes covered by necrotic mass, 
which consequently leads to further disinte-
gration of genets (Table 6). This is a crucial 
period for the domination of asexual over 
sexual reproduction. New genets are formed 
in spaces between fragments of genets and 
on their senile parts. This process is irregular 
and continues over the following years, to be 
reflected finally after 30 years in the domina-
tion of unique genets (Fig. 2). Over that pe-
riod the curve representing the number of 
seedlings fluctuates, which correlates with 
the growth or senescence of genets, as well as 
with the increase or decrease in the number 
of ramets. This regularity has been empha-
sized in previous demographic studies on the 
populations of clonal species, carried out with 
a focus on the concept according to which 
population processes are observed on two 
levels: i.e. genets and ramets (Harper  1977, 
Harnett  and Bazzaz  1985, Fair  et al. 1999, 
Ague et al. 2001). Recently, many molecular 
methods have contributed to this concept, 
offering an opportunity to identify genets 
and their ramets (Fa l ińska 2005, Arnaud-
Haond et al. 2007). New opportunities are 
emerging for the assessment of demographic 
processes in populations of clonal species and 
for description of genetic diversity patterns, 
i.e. the distribution of genets and ramets in 
populations of plants with the ability to re-
produce both asexually and sexually.
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Fig. 3. Spatial distribution of seedlings and new genet (juvenile) within genets and micro-gaps among 
the fragments after genet disintegration and on their senile part in population Filipendula ulmaria. Data 
collected from plot 2 × 2 m. Source: Fa l ińska 1995, 2003.
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